Abstract Triple negative breast cancer (TNBC) is an aggressive clinical phenotype characterized by lack of expression (or minimal expression) of estrogen receptor (ER) and progesterone receptor (PR) as well as an absence of human epidermal growth factor receptor-2 (HER2) overexpression. It shows substantial overlap with basal-type and BRCA1-related breast cancers, both of which also have aggressive clinical courses. However, this overlap is not complete, and the expression of ER, PR, and HER2 has been noted in basal-like tumors. TNBC also includes the normallike subtype, and not all patients with TNBC harbor BRCA1 mutations. Because of its expression profile, TNBC is not amenable to treatment with hormone therapy or the anti-HER2 monoclonal antibody trastuzumab, and systemic treatment options are currently limited to cytotoxic chemotherapy. Overall survival, whether in early-stage or advanced disease, is poor compared with that in patients who have other phenotypes. A number of targeted approaches to TNBC are undergoing clinical evaluation, including the use of agents with poly(ADP-ribose) polymerase inhibitory properties such as iniparib (the United States Adopted Name for the investigational agent BSI-201), olaparib (AZD2281), and veliparib (ABT-888), antiangiogenic agents such as bevacizumab and sunitinib, and epidermal growth factor receptor blockers such as cetuximab and erlotinib. Encouraging results with some of these agents have been reported, thereby offering the promise for improved outcomes in patients with TNBC. The clinical characteristics of TNBC and clinical experience to date with novel targeted agents under development for this aggressive phenotype is reviewed. 
Introduction
Breast cancer is the most common malignancy and second leading cause of cancer death among women in the United States, with an estimated 192,370 new cases diagnosed and 40,170 deaths reported in 2009 [1] . Among women aged 20-59 years, breast cancer remains the leading cause of cancer death despite a steady decrease in breast cancer mortality since 1990 [1] . Breast cancer comprises multiple diseases harboring different genetic alterations that can be classified into distinct molecular subtypes based on DNA microarray expression profiling [2] [3] [4] . The five initial subtypes identified are luminal A, luminal B, human epidermal growth factor receptor-2 (HER2)-overexpressing, normal breast tissue-like, and basal-like. More recently, another subtype has been identified: ''claudin low,'' which appears to be enriched for stem cell markers and cells capable of forming new tumors [5, 6] . These subtypes respond differently to therapy and are associated with differing outcomes, with the shortest survival times seen in patients who have the basal-like and HER2-overexpressing subtypes [3, 4, 7] .
Triple negative breast cancer (TNBC) comprises a heterogeneous subgroup of tumors including, but not limited to those classified as basal-like and claudin-low subtypes by expression profiling, and accounts for *15% of all breast cancers [5] [6] [7] [8] [9] [10] . TNBC is characterized by an aggressive clinical course and poor survival and, unlike tumors overexpressing hormone receptors or HER2, is not amenable to hormone therapy or HER2-directed agents such as trastuzumab [8, 9, [11] [12] [13] . These factors highlight the need for new treatment options for patients with TNBC. Here we describe the clinical characteristics of TNBC and provide an overview of targeted agents under development for this aggressive phenotype.
Definition of TNBC
As mentioned above, TNBC is characterized by a lack of expression (or minimal expression) of estrogen receptor (ER) and progesterone receptor (PR) as well as an absence of HER2 overexpression. According to guidelines published by the American Society of Clinical Oncology (ASCO), ER/PR negativity by immunohistochemical (IHC) analysis is defined as \1% of tumor cell nuclei immunoreactive for ER or PR [14] , although clinical trials of patients with TNBC may allow the enrollment of patients with B10% expression. Non-overexpression of HER2 (HER2 negative or equivocal) is defined in the ASCO guidelines as IHC B2? for HER2 or a fluorescence in situ hybridization ratio of \2.2 (HER2 to CEP17) or average HER2 gene copy number of fewer than 6 signals per nucleus without an internal control probe [15] .
TNBC exhibits a more aggressive clinical course than non-TNBC. This point is illustrated in a population-based study from the California Cancer Registry, which involved 51,074 women with primary breast cancer [8] . TNBCs were present at a more advanced stage and were associated with shorter 5-year survival times than non-TNBC phenotypes (77 vs. 93%). Moreover, within each disease stage at diagnosis, TNBC was consistently associated with poorer survival than non-TNBC (Fig. 1) [8] . When compared with other breast cancer subtypes in the pre-trastuzumab era, TNBC was associated with outcomes worse than those for the luminal subtypes and similar to that for the HER2-overexpressing subtype. In a follow-up analysis of the California Cancer Registry, which included 61,309 women, the 5-year survival rates were 96% among women with ER positive, PR positive, HER2 negative breast cancer and 76% among women with TNBC or the HER2-overexpressing subtype [16] . Comparable findings were also reported in other studies [7, 9, 11, 12, 17] . Notably, the poorer outcome in patients with TNBC is observed despite comparable responses to cytotoxic chemotherapy [18, 19] .
TNBC often presents as advanced-stage disease. In a study of 1,134 patients with invasive breast cancer, the ageadjusted odds ratio (OR) for advanced disease stage at diagnosis was significantly higher in patients with TNBC than in patients with luminal type A (OR, 2.2; 95% confidence interval [CI], 1.0-4.9) [7] . Studies have also shown that, unlike with most breast cancer subtypes, there is a lack of correlation between tumor size and lymph node positivity among TNBC cases [11, 20, 21] . Most TNBCs are of high histologic grade, with frequencies of grade 3 histology across TNBC cohorts ranging from 66 to 91% [7, 9, 11, 17, 22] . Grade 1 histology is uncommon, although it has been detected in up to 10% of patients with TNBC [11] . Most TNBCs are ductal carcinomas of no special type, but some cases may have features of metaplastic carcinomas and medullary cancers [9, [23] [24] [25] . On Fig. 1 Comparison of overall survival by disease stage for women with triple negative breast cancer (TNBC) and those with other phenotypes adapted from Bauer et al. [8] microscopic analysis, TNBC is associated with a high proliferative rate, a pushing border of invasiveness often with some degree of a stromal lymphocytic infiltrate at the tumor edge, and central necrotic regions [24] . IHC analyses show that TNBC is associated with a high expression of the proliferation marker Ki-67 [17] as well as several other markers favoring cancer cell growth, including p53 and mutated p53 [3, 9, 20, 26] , cyclin E [20, 26] , epidermal growth factor receptor (EGFR) [24, 26, 27] , vimentin [24, 26] , P-cadherin [9] , and BRCA1 mutations [4, 12] .
Overlap of TNBC with basal-like and BRCA1-related disease
Although TNBC shows considerable overlap with the basallike subtype and BRCA1-related breast cancer, the overlap is not complete and there are important distinctions between these subtypes (Fig. 2 ) [28] . The basal-like subtype is best identified by DNA microarray expression profiling, but this methodology is not readily available in clinical practice, and the use of RNA from formalin-fixed paraffin-embedded tissue is not reliable [29] . Thus, IHC profiles have been proposed as a surrogate for the basal-like subtype, the best of which is defined by ER negativity, HER2 negativity, CK5/6 positivity, and/or EGFR positivity, which would suggest complete overlap with TNBC [27] . However, studies using microarray analyses indicate that 15-54% of basal-like breast cancers express at least 1 non-TNBC marker (i.e, ER, PR, HER2) [27, [30] [31] [32] [33] . Moreover, TNBC includes the normal-like subtype, which lacks the expression of markers for the basal-like phenotype (i.e, CK5/6, EGFR) [4, 27] . For example, in a recent single-institution study, 16 (12%) of 132 patients with TNBC had tumors classified as normallike [34] . Overall, it is estimated that 65-85% of TNBCs are of the basal-like subtype [4, 27, 32, 34] . BRCA1-related tumors account for *5% of all breast cancers, with higher rates of BRCA1-related breast cancer occurring among patients of Ashkenazi Jewish decent [35] . The BRCA1 protein plays a role in DNA repair and transcriptional regulation; therefore, the disruption of BRCA1 via somatic mutation or epigenetic mechanisms may promote genetic instability and favor tumor growth [36] . BRCA1-related breast cancer and TNBC both have aggressive clinical courses and share pathologic and clinical features and both are frequently of high histologic grade, with pushing borders, and are associated with high Ki-67 expression, p53 mutation, and basal-like expression profiles [26, 37, 38] . While[50% of BRCA1 carriers have TNBC, as indicated by microarray and IHC analyses [4, 38, 39] , patients with TNBC do not necessarily harbor BRCA1 mutations. However, it has been shown that TNBCs with wild-type BRCA1 frequently exhibit a downregulation of BRCA1 expression or alterations in BRCA1 function, which may occur through methylation of the BRCA1 promoter or overexpression of proteins (e.g., inhibitor of differentiation-4) that normally regulate BRCA1 expression [36, 37, [40] [41] [42] .
Risk factors for TNBC
Several risk factors for TNBC have been consistently identified in population-based cohorts, and include younger age, African American race, BRCA1 mutation, and a strong family history of breast cancer [8, 12, 13, 21, 43] . In a cohort of 482 patients with early-stage breast cancer, each of these factors, particularly BRCA1 mutations, was shown to be significantly more common among women with TNBC than among women with other phenotypes (25.9 vs. 1.7%; P = 0.001) [12] . A multiple logistic regression analysis of demographic factors in the previously mentioned California Cancer Registry cohort found that risk of TNBC increased with younger age (OR, 1.53; 95% CI, 1.37-1.70 in a comparison of women aged \40 years with women aged 60-69 years) and was higher among African Americans than Caucasians (OR, 1.77; 95% CI, 1.59-1.97) [8] . Similarly, the Carolina Breast Cancer Study confirmed the association of younger age and African American race to basal-like breast cancer and also found significant associations for younger age at menarche, higher parity, and shorter duration of breastfeeding [43] . In the Polish Breast Cancer Study, younger age at menarche, higher body mass index among postmenopausal women, and a family history of breast cancer were also associated with the basal-like phenotype [44] .
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Considerations for screening and diagnosis
Compared with other breast cancer types, TNBC may be less likely to be detected by mammography or alternative screening methods. In a cohort of 1,050 women aged C50 years, TNBC was significantly more likely to be detected clinically by the patient or physician than radiographically by mammography or ultrasound compared with other phenotypes [11] . Similarly, in the Norwegian Breast Cancer Screening Program, women who developed breast cancer between regular mammography screening intervals, and whose cancer was detected clinically by palpation, were approximately two times more likely to have TNBC than were women whose disease was detected at screening [45] . Patients with these so-called interval breast cancers were more likely to be younger and to have dense breasts compared with those who had tumors detected on screening. Moreover, the interval breast cancers were associated with high expressions of Ki-67, p53, and basal-like markers [45] . The higher detection rate of TNBC by clinical examination may reflect a greater difficulty in detection by mammography due to higher breast tissue density, or it may relate to the more rapid growth of this phenotype compared with other subtypes.
Treatment and outcomes
Unlike patients with ER/PR positive or HER2 overexpressing disease, systemic treatment options for patients with TNBC are limited to cytotoxic chemotherapy due to the lack of a molecular target [46] . DNA-damaging agents may be useful based on the association of TNBC with BRCA1-related tumors and their inherent DNA repair dysfunction; however, this suggestion is based on findings from small clinical studies [47] . Neoadjuvant single-agent cisplatin has been reported to produce pathologic complete responses (pCRs) in patients with TNBC [48] . In a study investigating the efficacy and predictors of response to neoadjuvant cisplatin in women with stage II or III TNBC, 6 (22%) of 28 women had a pCR, including both patients with BRCA1 germline mutations, and 18 patients (64%) had a clinical complete or partial response. Factors associated with good cisplatin response include younger age (P = 0.001), low BRCA1 mRNA expression (P = 0.03), BRCA1 promoter methylation (P = 0.04), p53 nonsense or frameshift mutations (P = 0.01), and a gene expression signature of E2F3 activation (P = 0.03) [48] . Higher rates of pCR were noted in a second retrospective study that examined pCR rates achieved with neoadjuvant chemotherapy in 102 women with breast cancer who carried the BCRA1 mutation. Of the 12 patients who received singleagent cisplatin, 10 (83%) achieved a pCR [49] . In another study, neoadjuvant platinum-based combination therapy (cisplatin, epirubicin, and 5-fluorouracil) produced pCRs in 15 (88%) of 17 patients with TNBC compared with 39 (51%) of 77 patients who did not have the TNBC phenotype [50] . Other cytotoxic regimens are also active, suggesting that TNBC is chemosensitive. In a prospective cohort treated at the M.D. Anderson Cancer Center, neoadjuvant chemotherapy-mostly anthracycline-based combinations with or without taxanes-produced pCRs in 57 (22%) of 255 patients with TNBC, which was significantly higher than the 11% rate seen among patients with non-TNBC phenotypes (P = 0.034) [51] . High clinical response rates were also seen with anthracycline-based regimens in patients with TNBC in other studies [18, 49] . Despite its chemosensitivity, TNBC is still associated with a poor prognosis. In a cohort of 1,601 patients with breast cancer, Dent et al. [11] showed a rapid increase in the risk of recurrence following diagnosis among patients with TNBC compared with those who had other subtypes, with a peak risk of recurrence at 1-3 years. The median time to death among patients with TNBC was also shorter than that with other subtypes (4.2 vs. 6.0 years; P \ 0.0001). In a retrospective cohort of 1,134 patients diagnosed with breast cancer between 1998 and 2005, patients with TNBC had 5-year overall survival (OS) rates of 79.0%, which was comparable to rates in patients with ER/PR negative HER2-overexpressing tumors but poorer than rates in patients with ER/PR positive disease (Table 1 ) [7] . Similarly, in the M.D. Anderson Cancer Center cohort, the 3-year OS was significantly shorter for patients with TNBC than for patients without TNBC (74 vs. 89%; P \ 0.0001) [51] . However, Reprinted with permission. Source: Onitílo et al. [7] differences in recurrence rates and mortality between patients with and without TNBC were evident only during the first 3 years. Moreover, patients with TNBC who had residual disease after neoadjuvant chemotherapy had a particularly poor outcome (Fig. 3 ) [51] .
The pattern of disease recurrence may also differ between TNBCs and other subtypes. TNBC is associated with a high risk of distant recurrence compared with other subtypes, with rapid progression from distant recurrence to death [11, 52] . Additionally, patients with TNBC are less likely to experience local recurrence before distal recurrence than are patients with other subtypes [11] . Irrespective of the type of breast cancer, the most common first sites of distant metastasis are bone followed by lung and then brain and liver, with the latter associated with the poorest prognosis [53] . However, for TNBC and basal-like tumors, high rates of visceral metastases (compared with bone metastases) and brain metastases have been reported [10, 52, 54, 55] .
In a cohort of 1,608 patients with breast cancer, a higher frequency of visceral metastases was reported among patients with TNBC than with other subtypes (84 vs. 61%; P = 0.0003) [52] . Moreover, patients with TNBC were four times more likely to show visceral metastases within the first 5 years of diagnosis than patients with other subtypes (hazard ratio [HR], 4.0; 95% CI, 2.7-5.9; P \ 0.0001) [52] . In a cohort of 443 patients with highgrade breast cancer, patients with basal-like tumors were more likely to develop brain metastases but less likely to develop bone or liver metastases compared with patients who had non-basal tumors [54] . In another analysis of 85 intracerebral metastases from breast cancer, the basal-like phenotype was identified in 22 cases (26%)-higher than its overall frequency in primary breast tumors [56] .
Chemotherapy is recommended once metastatic disease develops in patients with TNBC [46] . Although a variety of single-agent and combination regimens are available, none is recommended specifically for TNBC. As noted above, several cytotoxic agents, including platinum-based therapies and the anthracyclines, have shown promising activity in small neoadjuvant studies [18, [48] [49] [50] [51] and consequently may be rational choices for patients with metastatic disease. However, treatment choices are limited for patients with metastatic disease as many receive adjuvant therapy with anthracyclines, taxanes, or cyclophosphamide for primary tumor treatment. Despite the aggressive nature of TNBC, it is important to recognize that considerable heterogeneity has been observed in the treatment of patients with metastatic disease. This point is illustrated in a cohort of 111 patients with TNBC (median age, 51 years), most of whom presented with multiple sites of metastatic disease [57] . The patients received first-line single-agent (67%) or combination (33%) chemotherapy for a median of 11.9 weeks (range, 0.0-73.1 weeks), and 87 patients (78%) then went on to receive second-line systemic therapy for a median of 9 weeks (range, 0.0-120.9 weeks). Fifty-five patients (49%) received third-line therapy for a median of 4 weeks (range, 0.0-59.0 weeks). Median OS for the entire cohort was 13.3 months (range, 0.8-99.8 months). On multivariate analysis, independent factors associated with poorer survival were previous neoadjuvant and/or adjuvant chemotherapy, visceral metastases at first presentation, age \50 years, distant disease-free interval \1 year, and elevated alkaline phosphatase levels [57] . Therefore, most women with recurrent and metastatic TNBC progress quickly on systemic therapy, but some may have a slower progressive course.
Future directions
Numerous targeted agents are under development for TNBC (Table 2) . Poly(ADP-ribose) polymerase (PARP) inhibitors target key enzymes involved in repairing singlestrand breaks in DNA [47] . These enzymes assume a greater role in DNA repair when the preferred homologous recombination mechanism for repairing double-strand breaks is lost due to BRCA1 dysfunction, and preclinical studies have shown that cancer cells with deficient BRCA1 activity are hypersensitive to PARP inhibition [58] . Based on promising preclinical findings, several agents with PARP inhibitory activity, including iniparib (the United States Adopted Name for the investigational drug BSI-201), olaparib (AZD2281), and veliparib (ABT-888) have begun clinical evaluation for the treatment of patients with TNBC, either as monotherapy or in combination with chemotherapeutic agents. In a phase II trial, iniparib was evaluated in combination with gemcitabine/carboplatin for the treatment of patients with TNBC [59] . The rationale for combining iniparib with chemotherapeutic regimens such as this stems from the hypothesis that agents with PARP inhibitory activity can augment the DNA-damaging effects of platinum-based chemotherapy, which has been demonstrated in preclinical models [28, 60] . This activity may be of particular relevance in TNBC given the reduced expression and/or functionality of BRCA1 frequently observed [36, 37, [40] [41] [42] . Indeed, studies have shown that PARP1 is upregulated in TNBC [61] . Results from the phase II trial showed that the addition of iniparib to gemcitabine/carboplatin significantly improved median survival compared with chemotherapy alone [59] . Iniparib was well tolerated and did not potentiate the toxicities associated with chemotherapy. A phase III trial of iniparib plus gemcitabine/carboplatin in patients with metastatic TNBC is currently ongoing, and a phase II trial is under way to evaluate this combination in the neoadjuvant setting. The oral PARP inhibitor olaparib (400 or 100 mg BID) has been evaluated in a phase II trial involving 54 patients with chemotherapy-refractory advanced breast cancer who carried a BRCA1 or BRCA2 mutation [62] . Of the patients studied, 13 (50%) of 26 assigned to the 400-mg cohort and 16 (64%) of 25 assigned to the 100-mg cohort had TNBC. Eleven (41%) of 27 patients in the 400-mg cohort and 6 (22%) of the 27 patients in the 100-mg cohort had objective responses. Of the patients with TNBC, 7 (54%) of 13 in the 400-mg cohort and 4 (25%) of 16 in the 100-mg cohort had an overall response. None of the patients who had TNBC achieved a pCR. The median progression-free survival was 5.7 months for patients in the 400-mg cohort and 3.8 months for patients in the 100-mg cohort. Olaparib was generally well tolerated, with most common toxicities being fatigue and nausea in both treatment cohorts. One patient in each treatment cohort had grade 4 treatment-related anemia [62] . A second, smaller study of olaparib 400-mg monotherapy involving 15 patients with TNBC reported an ORR of 0% [63] . Clinical trials are also under way to evaluate olaparib plus various cytotoxic chemotherapy agents (paclitaxel, carboplatin, or cisplatin) or cediranib for the treatment of patients with TNBC. In a phase I trial of 19 patients with TNBC, olaparib in combination with paclitaxel showed a manageable toxicity profile; however, there was a high incidence of EGFR endothelial growth factor receptor, mTOR mammalian target of rapamycin, NCT National Clinical Trials, PARP poly(ADP-ribose) polymerase, TNBC triple negative breast cancer, VEGF vascular endothelial growth factor neutropenia leading to a reduced paclitaxel dose intensity. Nonetheless, responses were observed with this combination [64] . Additionally, the oral PARP inhibitor veliparib is being evaluated in combination with temozolomide in a phase II trial of patients with metastatic breast cancer. Results presented at the 2010 ASCO annual meeting showed that responses were observed with this combination, but were limited to patients with BRCA-associated disease [65] . Although resistance to PARP inhibition has not yet been observed in patients, results from preclinical studies may provide insights into the potential for acquired resistance to this class of drugs. Edwards et al. [66] showed that PARP inhibitor-resistant (PIR) clones could be derived from the CAPAN1 pancreatic cancer cell line in vitro. Parental CAPAN1 cells harbor the loss-of-function c.6174delT frameshift mutation in BRCA2, and are therefore exquisitely sensitive to PARP inhibition. Resistance to PARP inhibition in the PIR clones was due to the expression of a new, functional BRCA2 isoform resulting from an intragenic deletion of the c.6174delT mutation and restoration of the open-reading frame. Interestingly, similar mutations restoring BRCA2 function have also been observed in patients with carboplatin-resistant ovarian cancer who harbored the c.6174delT mutation [66] .
Antiangiogenic agents are another class of inhibitors under evaluation in TNBC. Bevacizumab, a monoclonal antibody directed against vascular endothelial growth factor, prolonged PFS when added to first-line paclitaxel in women with metastatic breast cancer in the phase III ECOG 2100 trial [67] . This PFS benefit with bevacizumab was maintained in the subgroup with ER negative/PR negative disease, which likely represents TNBC since\2% of patients in each arm had HER2 positive disease (HR, 0.53; 95% CI, 0.40-0.70). Grade 3/4 toxicities that were more common in the bevacizumab arm included hypertension (14.8 vs. 0.0%; P \ 0.001), proteinuria (3.6 vs. 0.0%; P \ 0.001), headache (2.2 vs. 0.0%; P = 0.008), and cerebrovascular ischemia (1.9 vs. 0.0%; P = 0.02) [67] . Bevacizumab was evaluated in TNBC in the neoadjuvant setting in combination with cisplatin in a single-arm phase II trial [68] . Of 46 evaluable women, 7 (15%) had pCRs (Miller-Payne grade 5) and an additional 10 (22%) had responses of 4 on the Miller-Payne scale. Five patients did not complete neoadjuvant therapy due to toxicity, including 2 with tinnitus/hearing loss, 2 with grade 4 pulmonary embolism, and 1 with grade 4 hypertension.
The antiangiogenic tyrosine kinase inhibitor sunitinib was evaluated in a phase II study of patients previously treated with anthracycline/taxane chemotherapy [69] . Partial responses were achieved in 7 (11) of 64% patients overall, with the response rate being slightly higher in the TNBC subgroup (15%; 3 of 20 patients). The most common grade 3 nonhematologic adverse events included fatigue (14%) and hand-foot syndrome (9%). Grade 4 laboratory abnormalities were reported in 3 patients (2 with hyperuricemia and 1 with elevated alanine aminotransferase and alkaline phosphatase levels).
EGFR may also be a viable target in TNBC given that it is often overexpressed in basal-like breast cancers. The anti-EGFR monoclonal antibody cetuximab was evaluated alone and in combination with carboplatin in a randomized phase II trial involving 102 patients with metastatic basal-like TNBC who had received up to three prior chemotherapy regimens but no prior platinum or EGFR-targeting agents [70] . Although cetuximab monotherapy had little activity (partial responses in 2 [6] of 31% patients), cetuximab plus carboplatin produced partial responses in 13 (18) of 71% patients and stable disease lasting C6 months in 6 additional patients (9%). Response rates did not differ by line of therapy, with rates of 14, 31, and 17% in the first-, second-, and third-line settings, respectively. However, most patients progressed rapidly with a median PFS of 2.0 months. The cetuximab/carboplatin regimen was well tolerated, with grade 3 toxicity consisting of rash, fatigue, nausea, and vomiting, each occurring in 6% of the patients. The EGFR tyrosine kinase inhibitor erlotinib also has shown activity when combined with capecitabine/docetaxel chemotherapy [71] . It remains to be seen whether this agent will be more effective in a selected population of patients with TNBC.
A number of other targeted agents are currently being evaluated in phase II clinical trials in metastatic TNBCthe Src and Abl kinase inhibitor dasatinib, and the mammalian target of rapamycin inhibitor everolimus (Table 2) .
Conclusion
TNBC comprises a heterogeneous breast cancer subgroup that overlaps substantially with basal-like tumors. However, there are distinct differences as some patents with basal-like tumors express non-TNBC markers (i.e., ER, PR, HER2) and have a normal breast-like phenotype. TNBC also shows overlap with BRCA1-related tumors. A substantial proportion of BRCA1 carriers has TNBC but not all patients with TNBC harbor BRCA1 mutations. Thus, TNBC is a composite of a heterogeneous group of multiple molecular subtypes of breast cancer. In general, OS in patients with TNBC remains poor compared with that in patients who have other breast cancer phenotypes, thus highlighting the need for better treatment options at all stages of disease. Given the lack of hormone receptor and HER2 overexpression, patients with TNBC are not candidates for hormone therapy or trastuzumab-based regimens. However, numerous targeted agents are currently under development for TNBC, which may hold promise for improving treatment outcomes.
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